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AB: During lava dome eruptions, gas exsolution and microlite crystallization strongly affect the
dynamics of conduit flow. Generally, the dynamics of viscous pipe flow can be characterized by the
relationship between source pressure and mass flow rate; here, the ratio of source pressure to mass
flow rate is defined as effective resistance, which normally has a positive value for stable pipe flows.
For conduit flow involving gas exsolution and crystallization, however, it can have negative values,
which causes complex dynamics such as abrupt initiation and/or termination of an eruption as well
as cyclic change of magma discharge rate. There are at least two possible mechanisms that result in
such a negative effective resistance. First, delay of crystallization induces a decrease in effective
viscosity of liquid-crystal mixture with increasing mass flow rate. Second, if average gas volume
fraction in the conduit increases with mass flow rate, the resistance of flow due to gravitational load
decreases with increasing mass flow rate. In this study we investigated how the relative importance
of  these  two  mechanisms  depends  on  petrological  properties  of  magma  on  the  basis  of  a
one-dimensional steady conduit flow model. The results of our numerical analyses are summarized
as follows. Effective viscosity of liquid-crystal mixture drastically increases as total volume fraction
of crystals exceeds a critical value (about 0.6). The effective viscosity sensitively varies with mass
flow rate under conditions where the range of variation in crystal content due to delay of microlite
crystallization overlaps this critical value. On the other hand, the gas volume fraction in the conduit
is  governed  by  the  balance  between  upward  gas  drag  force  and  downward  forces  due  to
gravitational  load  and  viscous  wall  friction.  As  mass  flow rate  decreases,  the  gas  drag  force
decreases,  which allows an efficient gas  escape  from  the  dense  liquid  magma; therefore,  gas
volume fraction in the conduit decreases with decreasing mass flow rate, and vice versa. As magma
viscosity increases, the ascent of the liquid magma is suppressed because of high wall  friction,
whereas  the  gas  ascends  easily;  as  a  result,  gas  volume  fraction  in  the  conduit  is  kept  low
regardless of  mass  flow rate.  These results  imply that the  primary mechanism leading to the
negative effective resistance depends on phenocryst content of magmas. When phenocryst content
is greater than 0.5, viscous wall friction is large enough to suppress the increase in gas volume
fraction  in  the  conduit  regardless  of  mass  flow  rate.  In  this  case,  the  delay  of  microlite
crystallization is the main factor that induces the negative effective resistance. For lower phenocryst
contents, on the other hand, gas volume fraction in the conduit significantly varies with mass flow
rate,  whereas  the  decrease  in  effective  viscosity  due  to  delay  of  crystallization  becomes  less
important. In this case, the decrease in gravitational load due to gas expansion is the main factor
that induces the negative effective resistance.
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